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Abstract 
The increasing amount of power generation from weather-dependent renewable sources in Germany is projected to lead to a 
considerable number of hours in which power generation exceeds power demand. One possibility to take advantage of this power 
surplus is through the Power-to-Heat technology. As combined heat and power (CHP)-plants can be upgraded relatively easily 
with a Power-to-Heat facility, a huge potential can be developed in German district heating grids which are mainly served by 
CHP-plants. In this paper the potential of the Power-to-Heat technology in district heating grids in Germany is evaluated for the 
years 2015 to 2030 under different assumptions. 
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1. Introduction 
In order to reduce CO2-emissions in the power sector, Germany is promoting renewable energy sources (RES) for 
power generation. Due to a restricted potential for hydropower and biomass the largest share of RES-potential in 
Germany have solar and wind power plants whose power generation is fluctuating based on weather conditions. 
Likewise, the future RES expansion in Germany will be based mainly on fluctuating RES [1]. Fig. 1 illustrates the 
projections for the expansion of RES until 2030 in Germany. According to estimations by the German Federal 
Ministry for the Environment, Nature Conversation, and Nuclear Safety [1] and transmission system operators [2], 
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the capacities of RES will almost triple between 2010 and 2030. Simultaneously, the capacities of fluctuating RES 
(wind and solar power) will increase from 45 GW in 2010 to 131 GW in 2030. 
 
 
Fig. 1. Projections of RES generation capacities in Germany until 2030, Source: [1,2] 
As for a secure power provision power supply and demand have to be balanced at all times, this expansion will 
cause a growing demand for flexibility in the power system. This flexibility can be provided by all kinds of storages. 
This includes not only direct Power-to-Power storage but also Power-to-Heat (with heat storage) and Power-to-Gas 
(with gas storage) as well as demand side management. Especially district heating systems offer large opportunities 
for the future flexibilization of the power generation of combined heat and power (CHP) plants with the help of heat 
storages and Power-to-Heat facilities. 
In this paper the theoretical and technical potential of the Power-to-Heat technology in large district heating 
systems is assessed by using detailed hourly power and heat demand data. With an analysis of the restrictive factors 
for Power-to-Heat facilities, the future developments of the electricity and district heating market and economic 
aspects, this paper is providing a comprehensive picture of the potential of the Power-to-Heat technology in 
Germany. 
2. Methodology 
The potential of Power-to-Heat can be divided into different concepts. Whereas the theoretical potential simply 
describes the aggregated district heating demand in Germany, the technical potential includes more restrictive factors 
for Power-to-Heat facilities, like the actual hourly district heating demand or the amount of negative residual load. 
2.1. Theoretical potential 
The theoretical potential defines an upper bound for the use of the Power-to-Heat technology in district heating 
grids. As any heat demand could be theoretically supplied by a Power-to-Heat facility, the theoretical potential of 
Power-to-Heat in German district heating grids is equal to the concerning maximum load. This maximum load was 
taken from AGFW [3]. 
2.2. Technical potential 
The technical potential includes further technical restrictions compared to the theoretical potential. The use of 
excessive electricity for district heating purposes is only reasonable, when negative residual load appears 
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simultaneously with a heat demand in the district heating grids. It is therefore necessary to analyze those restrictions 
in the technical potential. 
The technical potential can be divided into the technical potential on the supply side and technical potential on 
the demand side. In the technical potential on the supply side the heat demand which is provided by the district 
heating system is analyzed, whereas in the technical potential on the demand side the demand of additional electrical 
load in order to integrate excessive amounts of RES is considered. 
2.2.1. Technical potential on the supply side 
 
To determine the technical potential on the supply side the heat demand in German district heating grids was 
determined on an hourly basis. As this data is not publicly available, synthetic demand time series have been 
modeled. They base on a correlation which was determined from historical district heating demand times series of 
the district heating systems of the cities of Leipzig (2010), Berlin (2007) and Würzburg (2001). This correlation 
between outside temperature and heat demand is defined for 96 cases (24 hour of the day, summer/winter, working 
day/weekend). For the largest 35 district heating grids the local historical temperature data from ECMWF [4] was 
used for the heat demand profiles whereas the smaller district heating grids were aggregated for every federal state 
with an average temperature. 
As a result, the heat demand is modeled for each hour of the year and each of the German district heating grids 
that have been recorded by the AGFW. Fig. 2 shows the aggregated thermal load curve of the relevant district 
heating grids. 
 
 
Fig. 2. Combined thermal load curve of the relevant district heating grids in Germany in 2010, Source: Own calculation based on [3,4] 
2.2.2. Technical potential on the demand side 
 
Additionally to the restrictions on the supply side, the technical potential of Power-to-Heat is further restricted by 
the amounts of excessive generation from RES. For the following estimation of the residual load, the total annual 
electricity demand of 2010 was considered to be constant and the expansion of renewable energies was derived from 
the data by [1,2] (compare Fig. 1). 
Fig. 3 shows the residual load from 2010 to 2030, ordered by size. In 2020, about 180 hours of negative residual 
load are estimated. The amount of hours with negative residual load increases until 2030 to 1,300 hours. The 
negative residual load in these hours has a maximum value of 30 GWel in 2020 and 53 GWel in 2030. 
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Fig. 3. Development of the residual load duration curve in Germany for 2010-2030, Source: Own calculations based on [1,2,5] 
For a reasonable use of a Power-to-Heat facility, negative residual load has to occur simultaneously with heat 
demand in district heating grids. In Fig. 4 each point represents one hour of the year 2030 with the corresponding 
district heat demand and the residual load. The hours of the year in which negative residual load and heat demand 
occur simultaneously are located inside the red rectangle. The hours, which points are depicted within the rectangle 
and above the diagonal line are hours in which the heat demand is higher than the absolute negative residual load. 
This means, the complete negative residual load can be absorbed, but to meet the total heat demand additional heat 
producers (like heat storages or boilers) are needed. At those points which are located below the diagonal line, the 
negative residual load outnumbers the heat demand. In these hours the excessive heat production of Power-to-Heat 
facilities could be stored in heat storages. In hours which are depicted exactly on the diagonal line, the heat demand 
equals exactly the negative residual load. By sorting the points within the red rectangle in Fig. 4, the duration curves 
for the technical potential on the demand side were constructed for 2015, 2020, 2025 and 2030. 
 
 
Fig. 4. Simultaneous heat demand and residual load for 2030 
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3. Results and Discussion 
3.1. Theoretical potential 
As mentioned before, the theoretical potential of Power-to-Heat is determined by the heat demand in German 
district heating grids. According to AGFW [3], the total district heat input of all district heating grids in Germany 
amounted to approximately 98.2 TWhth in 2010. Almost half of this heat demand (44.9 TWhth) was covered by the 
ten largest district heating grids in Germany. 
The accumulated maximum load in German district heating grids adds up to 31 GWth. As theoretically any heat 
load could be supplied by a Power-to-Heat plant, the theoretical potential of Power-to-Heat of all district heating 
grids in Germany is 32 GWel,equiv. (at a thermal efficiency of 98 %). 
The theoretical potential of Power-to-Heat can be resolved locally. As illustrated in Fig. 5, the heat demand of 
district heating grids is mainly located in the bigger cities like Berlin, Mannheim, Munich and Hamburg. Due to its 
high population density, North Rhine-Westphalia is the federal state with the highest heat demand in district heating 
grids. 
 
Fig. 5. Heat demand in 2010 locally resolved, Source: Own presentation based on [3] 
3.2. Technical potential 
3.2.1. Technical potential on the supply side 
 
The amount of heat generated by a Power-to-Heat facility depends on the dimensioning of the Power-to-Heat 
system. According to Prognos [6], a Power-to-Heat system in the dimension of 30 % to 50 % of the maximum 
thermal load of the CHP-plant is recommended. That implies that the technical potential on the supply side in 
Germany accounts between 9.4 GWel (30 % of maximum load) and 15.8 GWel (50 % of maximum load). In Table 1, 
the regional distribution of the technical potential on the supply side in Germany is shown. The largest potentials can 
be found in North Rhine-Westphalia, Baden-Wurttemberg and Berlin. 
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Table 1. Regional distribution of the technical Power-to-Heat potential on the supply side. 
 
Federal state 
Dimensioning of the P2H-System in percentage of maximal thermal load 
100% 100% 50% 40% 30% 20% 
[MWth] [MWel] [MWel] [MWel] [MWel] [MWel] 
Baden-Wuerttemberg 4,679 4,774 2,387 1,910 1,432 955 
Bavaria 3,233 3,299 1,650 1,320 990 660 
Berlin 3,582 3,655 1,827 1,462 1,096 731 
Brandenburg 1,539 1,571 785 628 471 314 
Bremen 419 427 214 171 128 85 
Hamburg 1,390 1,418 709 567 426 284 
Hesse 1,456 1,486 743 594 446 297 
Lower Saxony 1,653 1,687 843 675 506 337 
Mecklenburg-Western Pomerania  866 884 442 353 265 177 
North Rhine-Westphalia  5,860 5,980 2,990 2,392 1,794 1,196 
Rhineland-Palatinate 447 457 228 183 137 91 
Saarland 217 222 111 89 66 44 
Saxony  2,493 2,543 1,272 1,017 763 509 
Saxony-Anhalt 889 907 454 363 272 181 
Schleswig-Holstein 1,289 1,315 658 526 395 263 
Thuringia 961 980 490 392 294 196 
3.2.2. Technical potential on the demand side 
 
Due to an increasing number of hours with negative residual load in the future, the technical potential of the 
Power-to-Heat technology increases from 0.04 TWhel in 2015 to about 8.5 TWhel in 2030 (Fig. 6). Between 37 % 
and 42 % of the occurring negative residual load could be used by the Power-to-Heat technology. The technical 
potential in terms of capacity is also increasing from 5.8 GWel in 2015 to 20.6 GWel in 2030. 
 
 
Fig. 6. Technical potential of Power-to-Heat on the demand side in 2015, 2020, 2025 and 2030 
3.3. Sensitivity analysis 
For forecasting the technical Power-to-Heat potential, future developments of the heat and electricity market have 
to be considered. In the analysis shown up to now, the total annual heat and electricity demand of 2010 was assumed 
to be constant until 2030. In the next step, those assumptions are modified with data by the Federal Ministry for the 
Environment, Nature Conservation and Nuclear Safety (BMU) [1]. 
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3.3.1. Heat demand reduction 
 
According to the BMU [1], the heat demand in Germany from power plants in district heating grids will stay 
constant until 2020 and decrease afterwards due to building insulation and an increasing share of renewable heat 
generation. Those developments would reduce the technical Power-to-Heat potential by approximately 1.4 TWhel   
(-16 %) in 2030 (see Fig. 7), compared to the scenario shown before. At the same time the maximum capacity for 
Power-to-Heat is lower in the case of a decreasing heat demand. 
 
 
Fig. 7. Impact of heat demand on technical potential on the demand side in 2030 
3.3.2. Electricity demand reduction 
 
The estimations for the electricity demand are also modified with data by the BMU. Here, the BMU expects a by 
60 TWh/a reduced electricity demand (490 TWh in 2030) compared to 2010 due to energy efficiency improvements 
and demographic changes. The decreasing electricity demand causes an increasing amount of negative residual load 
and therefore a higher technical potential for Power-to-Heat. As a result the amount of hours with negative residual 
load is increasing by more than 50 % and the potential rises significantly by 5.5 TWhel (+64 %) compared to the 
scenario where constant electricity demand of 2010 was assumed (see Fig. 8). The maximum capacity for Power-to-
Heat is not changed considerably in the case of a decreasing electricity demand. However, the number of hours in 
which the Power-to-Heat technology could use electricity in the case of a negative residual load almost doubles from 
1,250 to 2,400 hours in 2030. 
 
 
Fig. 8. Impact of electricity demand on technical potential on the demand side in 2030 
 Diana Böttger et al. /  Energy Procedia  46 ( 2014 )  246 – 253 253
The results show that the developments of the heat and electricity market have a remarkable effect on the Power-
to-Heat potential. Unfortunately, those figures are very complex to forecast, so that an exact amount of the technical 
potential of Power-to-Heat can hardly be estimated. Nevertheless, the analysis shows that regardless of the 
developments on the heat or electricity market the technical potential of Power-to-Heat in Germany is enormous. 
3.4. Economic potential 
As shown before, the Power-to-Heat technology has an enormous technical potential in Germany. However, to 
provide an efficient contribution to the integration of RES, the economic potential needs to be analyzed as well. 
Up to now, first pilot projects with Power-to-Heat facilities in district heating grids are realized in Berlin, Lemgo, 
Flensburg, and Saarbrücken. They are using Power-to-Heat to provide negative balancing power by redirecting 
power into heat generation. Within this market Power-to-Heat facilities can be amortized in less than one year 
(compare Götz et al. [7]). 
At the moment Power-to-Heat is not profitable for using excess electricity in the grid. State charges like the 
German Feed-In-Tariff, grid fees and taxes have to be paid when consuming electricity. As a result the operation of 
a Power-to-Heat plant with excess electricity is not cost-efficient at the moment (compare Götz et al. [7]). In our 
opinion, the state charges should be revised in terms of their necessity and Power-to-Heat facilities should be 
exempted from the concerning laws. 
4. Conclusion 
The above analysis shows that the potential for Power-to-Heat facilities in German district heating grids is 
considerably. The maximum theoretical potential to transform electricity into heat with a Power-to-Heat facility 
amounts to 32 GWel. The largest heat sinks can be found in North Rhine-Westphalia, Baden-Wurttemberg and 
Berlin. 
Considering Power-to-Heat facilities which cover 30-50 % of the maximum thermal load, the aggregated 
technical potential on the supply side adds up to an amount between 9 GWel (30 %) and 16 GWel (50 %). The 
technical potential at the demand side is further restricted by the amount of negative residual load and heat demand. 
Taking those factors into concern the technical Power-to-Heat potential accounts 6 GWel in 2015 and 20 GWel in 
2030. However, for the realization of Power-to-Heat plants also grid constraints could be important which were not 
considered in this analysis. 
Many factors which influence the Power-to-Heat potential in the future are uncertain. A decreasing heat demand 
would affect especially the maximum capacity for the technology whereas a decreasing power demand would 
mainly increase the number of hours in which the technology could be used. 
However, to use the potential of Power-to-Heat that originates from negative residual load, state charges should 
be adjusted. Up to that point, the Power-to-Heat technology is merely beneficial for supplying negative balancing 
power cost-effectively. 
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